Lanthanide oxysulfide nanoparticles have recently attracted interest in view of potential applications, such as lightening devices and MRI contrast agents, which requires a good stability in air and a controlled surface. In order to address these issues, in this work, airsensitive Ce 2 O 2 S nanoparticles of hexagonal shape were successfully prepared and characterized under inert conditions. Bimetallic Gd 2(1-y) Ce 2y O 2 S nanoparticles of similar shape and size were also synthesized for the whole composition range (y from 0 to 1). X-ray diffraction structural data are found to follow Vegard's law up to y = 0.4, which is attributed to the loss of stability in air of Ce-rich nanocrystals beyond this threshold. This picture is supported by X-ray absorption spectra taken at the S K-and Ce L 3 -edges that show the partial oxidation of sulfide species and of Ce III to Ce IV in the presence of air or water. A complementary near-ambient-pressure X-ray photoelectron spectroscopy study shows that at least two types of oxidized sulfur species form on the nanoparticle surface. Even in Gd 2 O 2 S nanoparticles that are generally considered to be air-stable, we found that sulfide ions are partially oxidized to sulfate in air. These results unveil the physico-chemical mechanisms responsible for the surface reactivity of lanthanide oxysulfides nanoparticles in air.
Introduction
In the last decade, the development of novel methods enabling the synthesis of nanoparticles has resurrected the interest in bianionic materials such as oxysulfides M x O y S z .
These compounds are particularly attractive as they contains abundant heteroatoms. 1 The combination of lanthanide with oxygen and non-oxidized sulfur has been known for more than sixty years. 2 Since the first report on lanthanide oxysulfides, only few compositions have been synthesized via solid state or solid-gas reactions at high temperatures. These synthesis techniques employ various sulfur sources (elemental sulfur, H 2 S, or CS 2 ) as sulfidation agents. Some of them also involve a transition metal, producing bimetallic compounds, such as Ln 2 Ti 2 S 2 O 5 and LnCrOS 2 (Ln = La-Lu) [3] [4] [5] , but also LaInOS 2 and La 5 In 3 S 9 O 3 . 6 Ln 2 O 2 S nanoparticles have been extensively studied and characterized for their promising magnetic [7] [8] [9] , photocatalytic 8 and luminescent properties 10, 11 . In the latter case, most studied compounds are La 2 O 2 S, [12] [13] [14] [15] The synthesis of oxysulfide nanoparticles is challenging, as rare-earth metals have a better affinity with O 2than S 2according to the Hard and Soft Acid and Bases (HSAB) theory.
Moreover, the fairly high temperatures required for the formation of the crystalline phase can cause the sintering of the nanoparticles. As a matter of fact, well crystallized Ln 2 O 2 S nanoparticles have been hitherto obtained only for Ln = La, Pr, Nd, Sm, Eu, Gd, Tb and Y.
Ding and coworkers 14 proposed an efficient and versatile synthesis of lanthanide oxysulfide nanoparticles by thermal decomposition of molecular species in solution, yielding Na-doped Ln 2 O 2 S (Ln = La, Pr, Nd, Sm, Eu, Gd, Tb). In organic solvents, they obtained small and monodisperse oxysulfide nanoplates of diameters in the 10-25 nm range depending on the lanthanide. Moreover, Pasberg et al. reported Ln 2 O 2 S nanoparticles containing Lu and Gd. 31 In this context, cerium oxysulfide Ce 2 O 2 S nanoparticles would display ideal optical properties owing to the much smaller band-gap energy (brown material) than other Ln 2 O 2 S compounds, where the band-gap is larger than 3.5 eV for all other Ln. Such a low band-gap permits an absorption in the visible-light range, which is desirable for application in photocatalysis.
Moreover, the two possible oxidation states of cerium (Ce III and Ce IV ) would make Ce 2 O 2 S a promising material for catalytic or electrocatalytic reactions. The most suitable material for these applications would be nanoparticles of Ce 2 O 2 S, in order to get a high surface to volume ratio and to benefit from the numerous available processes to design catalysts with nanoparticles.
To the best of our knowledge, the synthesis of colloidal cerium oxysulfide nanoparticles including Ce 2 O 2 S was not reported yet, despite the fact that the bulk phase is known since the 1950's. 2, 32 One difficulty is that the oxidation state of cerium can be either Ce III (the oxidation state in Ce 2 O 2 S) or Ce IV . As a result, the oxidation of bulk Ce 2 O 2 S led to mixed-valence crystalline bulk phases, such as Ce 2 O 2.5 S, [32] [33] [34] Here, we report on the first synthesis of Ce 2 O 2 S nanoparticles and on their characterization by transmission electron microscopy (TEM) and x-ray diffraction (XRD). We show that their structure evolves rapidly in air, but also in the presence of water. In situ X-ray absorption spectroscopy evidences the partial oxidation of Ce III into Ce IV and the formation of oxidized sulfur species. The latter were also found on the surface of Gd 2 O 2 S nanoparticles, although these nanoparticles are generally considered stable in air. Bimetallic Gd 2(1-y) Ce 2y O 2 S nanoparticles of similar shape and size with y ranging from 1 to 90 % are also synthesized.
The lattice parameter a was measured and compared to the theoretical value obtained from Vegard's law. We identified three regimes, related to the stability of the nanoparticles in air.
Above 40 % of cerium, the nanoparticles were not air-stable. Nevertheless, the nanoparticles of atmosphere. In a first attempt, the particles were isolated and washed under ambient air. The product was dark brown at first but turned greenish after a few hours and light brown after a few weeks ( Figure S1 ), suggesting product decomposition in air. Consistent with this observation, the X-ray diffraction pattern matched the pattern of Ce 2 O 2 S a few hours after the synthesis and evolved into another pattern similar to that of CeO 2 in a time span of two weeks ( Figure S2 ). A similar observation was previously reported in bulk samples as well but in a time span of months 32 and the final product was identified by Sourisseau et al 33, 34 to be Ce 2 O 2.5 S with an insertion of oxygen in the layer of cerium oxide owing to a partial oxidation of Ce III in Ce IV . This suggests that washing and handling of the nanoparticles in air was inappropriate, although the synthetic route itself was efficient.
To overcome this issue, we isolated the nanoparticles from the crude product and washed them with anhydrous solvents in the inert atmosphere of a glovebox (H 2 O < 0.5 ppm, O 2 < 0.5 ppm). Transmission Electron Microscopy (TEM) carried out on these nanoparticles confirmed the formation of nanoplates whose dimensions vary between 10 to 20 nm in length and 1.5 to 2.5 nm in thickness ( Figure 1A ). Because of the high amount of remaining ligands on the nanoparticles (washing them in the glovebox is a hard process), we were not able to perform High Resolution Transmission Electron Microscopy (HRTEM).
Despite their small size, X-ray diffraction pattern (XRD) confirmed the crystalline structure of Ce 2 O 2 S nanoparticles ( Figure S3 ). The pattern matches the reference pattern of hexagonal 21 The study of the role of this cation on the crystallization process goes beyond the scope of the present work and will be the object of a future paper. 
Chemical transformation of the nanoparticles exposed to air
As mentioned above, brown-colored Ce 2 O 2 S becomes green after exposure in air. Isolation and storage of the nanoparticles under controlled inert atmosphere is thus critical. As discussed above, the degradation in air, seen as a loss of the Ln 2 O 2 S crystalline structure, occurs faster for nanoparticles than for bulk samples, which is attributed to the higher surface to volume ratio of the former. Generally, there is a lack of information regarding the surface reactivity of lanthanide oxysulfide nanoparticles that may be responsible for their degradation.
In this work, we employed X-ray Absorption Near Edge Spectroscopy (XANES) at the sulfur K-edge was used to evaluate the sulfur oxidation state in the nanoparticles ( Figure 2 ). Our spectra can be directly compared with those previously obtained on various sulfide, sulfite, sulfonate and sulfate materials which constitute a set of standard spectra. [39] [40] [41] [42] From these spectra, one notes that the features of reduced sulfur species are found at low energy while those of oxidized species appear at higher energy. Remarkably, oxidation state of sulfur is often linearly related to the edge energy. 39, 43, 44 As reference material, we first measured Gd 2 O 2 S nanoparticles (Gd 2 O 2 S-air) synthesized following the same route (described in the experimental section). These nanoparticles are stable upon storage in air, during washing steps and storage (see XRD pattern in Figure S4 ), because Gd only accepts oxidation state (III) under ambient conditions. Second, we prepared Since the XANES spectra were collected in fluorescence mode, they reflect both the surface and the core of the samples; sulfur oxides could in principle be either on the surface of the nanoparticles or inside the inorganic core. XRD patterns of both samples are, however, identical, which confirms the crystalline structure of Gd 2 O 2 S (see XRD pattern in the bottom panel of Figure S4 ). TEM also confirmed that the size and shape of the nanoparticles is preserved (data not shown). Oxidation of sulfur due to exposure in air is then likely a surface phenomenon. Also, Fourier Transform Infrared spectra exhibit specific peaks corresponding to sulfate functions ( Figure S5 ). To the best of our knowledge, this is the first observation of surface reactivity of Gd 2 O 2 S, which is usually considered a stable phase in air. did not show any sign of surface oxidation, as expected from the care taken to avoid air exposure. Its spectrum features an additional contribution at low energy (2468 eV) whose origin is not known at this stage. The small feature at 2468 eV was found to be linked to the presence of cerium and is under investigation.
When the nanoparticles react with air (i.e. with water vapor and/or dioxygen), swift oxidation from Ce III to Ce IV may occur in addition to sulfur oxidation. XANES spectra were then taken at the Ce L III -edge, using an environmental cell in flowing water. The sample was taken out of the glovebox and quickly placed in the cell. Prior to exposure to water, the spectrum presented the characteristic peak of Ce III at 5719.2 eV and two small contributions characteristic of Ce IV , at around 5723 and 5729.5 eV (Figure 3 , dark blue spectrum). Due to the brief exposure of the sample to air, the S K-edge spectra presented a small peak in the energy region corresponding to oxidized sulfur (inset of Figure 3 , purple spectrum), but most of the sulfur was still reduced, as expected from the ex situ spectrum presented above. Following the introduction of water into the cell for a few minutes, the Ce L III -edge spectrum exhibited a strong peak of Ce IV and a small one of Ce III (Figure 3 , light blue spectrum). The S K-edge spectrum also exhibits the characteristic features of more oxidized species, namely an intense peak near 2480 eV and minor ones in the 2470-2475 eV range (see Figure 3 , light blue spectrum). Figure 3 : In situ cerium L III -edge and sulfur K-edge XANES spectra of Ce 2 O 2 S nanoparticles before and after exposure to water. The position of the peaks attributed to Ce III and Ce IV are consistent with previously published XANES Ce L III-edge spectra. 45, 46 At this stage, we cannot conclude on the different roles of H 2 O and of O 2 on the surface oxidation of Gd 2 O 2 S and on the oxidation of Ce 2 O 2 S in the core of the nanoparticles, because the water used in the cell contained dissolved O 2 . Nevertheless, the in situ XANES experiment shows that oxidation is a swift process for the Ce 2 O 2 S nanoparticles and that both sulfur and cerium are affected.
We presume that the oxidation of sulfur and of cerium may be related to two distinct mechanisms: (i) cerium oxidation leads to the formation of a mixed-valence phase such as In order to take advantage from the phase stability of Gd 2 O 2 S and from the potential reactivity of Ce 2 O 2 S, we attempted the synthesis of Gd-Ce bimetallic oxysulfide nanoparticles, described by the general formula Gd 2(1-y) Ce 2y O 2 S with y between 0 and 100 %. Cerium loading is defined as y = n Ce / [n Ce + n Gd ] where n is the number of moles. To the best of our knowledge, such bicationic nanoparticles of the Ln 2 O 2 S family without phase separation were never reported before.
A bridge between Ce 2 O 2 S and Gd 2 O 2 S: Gd 2(1-y) Ce 2y O 2 S nanoparticles
Different strategies may be used to obtain bimetallic nanoparticles. Most of the synthetic routes hitherto reported consist of the reaction between small amounts (usually ≤ 1 %) of a dopant and the lanthanide. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] 23, [25] [26] [27] [28] [29] [48] [49] [50] [51] [52] [53] [54] This approach is justified by the very similar ionic radii of the lanthanides ranging from r La(III) = 1.03 Å to r Lu(III) = 0.86 Å which favors the formation of a crystalline phase with randomly distributed ions.
Synthesis and composition of the compounds
Following the above considerations, in the present case we simply mixed the precursors of Gd and Ce in appropriate stoichiometry since the radii of Gd and Ce were close enough (r Gd(III) = 0.94 Å; r Ce(III) = 1.01 Å). This straightforward route enabled us to obtain bimetallic powders in a wide range of composition from y = 0 % to y = 90 %. In the nanoparticles, the Gd/Ce ratio measured by energy dispersive X-ray spectroscopy (EDS) was found to be consistent with the nominal composition ( Figure S6 and Table S1 ).
From y = 0 % to y = 80 %, the color of these nanoparticles samples does not change over time. For y = 90 %, the powder was initially deep brown, but became light brown within two weeks in air at room temperature, suggesting a decomposition of the structure.
Structural analysis of compounds exposed to air agreement with the observation mentioned above. XRD pattern shows diffraction peaks of CeO 2 in addition to Ln 2 O 2 S, as observed for Ce 2 O 2 S nanoparticles ( Figure S8 ). Below 90 %, the patterns were consistent with Ln 2 O 2 S but a small shift of the peaks is observed. Figure 4B ). 55, 56 This indicates that both cerium and gadolinium ions partially occupy the same site in the unit cell. From y > 40 % to y = 80 % the lattice parameter a levels off. To explain this behavior, we envisage the following two scenarios: (i) 40 % is the solubility limit of cerium, or (ii) there is no solubility limit but the phase is not stable in air.
Structural analysis of compound with y = 70 % under inert atmosphere
In order to clarify the above point, in a complementary experiment, the as-prepared y = 70 % compound (Gd 0.6 Ce 1.4 O 2 S) was isolated and washed under inert conditions. The value of the lattice parameter of this sample is larger than that of the sample isolated in air and nicely follows Vegard's law ( Figure 4B , pink dot), which supports scenario (ii).
It is interesting to analyze the compounds after air exposure. As discussed above and according to Table S1 , the EDS data show that the ratio of lanthanide present in the powder is equal to the nominal ratio. This fact, in addition to the leveling off of the a parameter for y = 40 %, suggest that secondary Ce-containing species are formed on the surface of the Their width and thickness are 10-20 nm and 2 nm, respectively, somehow larger than the y=0 of the nanoparticles are in agreement with Scherrer's crystalline domain size calculated from the (110) reflection peak (Table S2 ). High-resolution transmission electron microscopy (HRTEM) confirmed that both Gd 2 O 2 S and bimetallic nanoparticles are single crystals of Gd 2(1-y) Ce 2y O 2 S. The analysis of the Fourier transforms of the HRTEM images ( Figure S10) agrees with the crystal system and with the lattice parameters obtained by means of XRD.
For y > 70 %, we find some smaller and shapeless nanoparticles that may consist of ceriumcontaining species that nucleate in the solution during the synthesis or of degraded Gd-Ce oxysulfide nanoparticles exposed to air, as indicated by the smaller a lattice parameter,of these particles. Altogether, the substitution of Gd by Ce in Gd 2 O 2 S slightly affects the oxysulfide nanoparticles morphology, and nanoplates of dimension 30 nm or smaller are obtained. For y < 80 %, the reactivity of cerium in Gd 2(1-y) Ce 2y O 2 S is found to be lower than in pure Ce 2 O 2 S nanoparticles but it is still sufficient to destabilize the structure for y > 40 %.
Reactivity toward O 2 and H 2 O: comparison between Gd 2 O 2 S and GdCeO 2 S
So far, we have discussed the effect of air as an oxidizing medium, without differentiating the roles of water and of dioxygen. In order to address this question, a Near-Ambient-Pressure X- The nanoparticles were analyzed at room temperature under vacuum, and then under water pressure, a mixture of water and oxygen, and back under vacuum. The two samples were deposited on a single sample-holder and subsequently exposed to exactly the same atmospheres. Thoroughly degassed water vapor was introduced before introducing the O 2 gas, for the former gas is less oxidizing than the latter. O 2 was then introduced along with water, because obtaining ultra-high-vacuum conditions after having introduced water would require baking the vacuum chamber for a long time not compatible with the constraints set by synchrotron runs. For the same reason, the last measurements under vacuum conditions were actually carried out under a residual background pressure of water.
Binding energies (B.E.) were calibrated using the Au 4f doublet, as described in Table S3 .
S 2p and Gd 4d photoemission spectra were collected in a single sweep in the 135-175 eV region of B.E. (Figure 6 ). The Ce 3d 3/2 and Ce 3d 5/2 B.E. were also monitored in the 870-920 eV region for the GdCeO 2 S nanoparticles ( Figure 7A ). As shown in Figure 7C , we successfully determined the Ce III fraction by using a careful fitting procedure of the intensity which takes into account the overlap of the spin-orbit split peak ( Figure 7B ). Color code: S 2p doublet in red (S -II ), pink (S IV ) and purple (S VI ); Gd 4d doublets in light green and deep green (shake-down satellite peaks). 57 The fitting curves (in brown) are mostly superimposed with the experimental curves. (C) Top: S VI fraction (η S(VI) ); Bottom: S -II /S IV fraction ratio (η S(-II) / η S(IV) ). See Table S3 for the details of the fitting procedure.
In all spectra, the sulfide species are identified by a S 2p 3/2 doublet at 161.6 ± 0.3 eV ( Figure   6A ). 58 Oxidized sulfur is also always present and confirms the XANES result that samples whose work-up was carried out under air are already partially oxidized. Here, oxidized sulfur is composed of two major oxidation species that we identify as S IV and S VI . Each S 2p 3/2 spectrum was fitted by a double peak; the B.E. of the lower-energy component was 168.1 ± 0.7 eV for S IV (in pink) and 171.3 ± 0.5 eV for S VI (in purple). The relative area of each contribution allowed us to plot the ratios of the species for different atmospheres ( Figure   6C ). For both nanoparticles samples, the Gd spectrum showed no significant evolution, as expected. The exposure of both Gd 2 O 2 S and GdCeO 2 S samples to water vapor led to a partial S -II -S IV conversion within 2 hours ( Figure 6C) ; the S -II species correspond to the oxysulfide, while S IV is attributed to sulfites ions (SO 3 ) 2forming an step during the sulfide to sulfate transformation. 59 The addition of O 2 in the chamber led to an increase of S IV concentration within a few minutes, suggesting that O 2 is a stronger oxidizing agent than water.
The evolution of the S VI fraction is more complex. Initially, the S VI species are attributed to sulfates formed during the short exposure of the nanoparticles to air. For both samples, this fraction does not significantly decrease during subsequent treatments, suggesting that the S VI formed in the room atmosphere prior to the XPS measurement is irreversible. In Gd 2 O 2 S, the quantity of S VI species increases during the last steps of exposure to O 2 and of pumping.
However, in GdCeO 2 S, this quantity remains almost constant over the course of the further treatments ( Figure 6C) . It is possible that Ce III was playing a sacrificial role, thus preventing sulfur from further oxidation (Figure 7 ). See Table S3 for the details of the fitting procedure.
During exposure to water vapor and then to O 2 , sulfur oxidation is accompanied by an oxidation of Ce III into Ce IV especially during the early stage of exposure to air ( Figure 7C ).
However, this oxidation is limited and the Ce III /Ce IV ratio remains significant, consistent with the fact that the bulk crystal structure, which contains Ce III , is preserved, as observed ex situ in the y = 50 % samples.
Restoring the high vacuum conditions almost restored the initial S -II fraction and affected the 32 Ikeue et al. also reported that oxysulfate sheets can be reduced to oxysulfide ones in H 2 S atmosphere. 47 Here, the process occurs at room temperature but the ultra-high vacuum conditions play a reducing role; furthermore, the effect is enhanced in nanoparticles owing to the high surface/volume ratio. Having said this, the reversibility of the reduction under vacuum conditions is different from the oxysulfide/oxysulfate transition, since the XRD patterns of our samples did not show any structural modification even after several months. This further supports the argument that the oxido-reduction process is favored at the surface of the nanoparticles.
Conclusion
In this article we showed that cerium oxysulfide Ce 2 O 2 S nanoparticles can be successfully prepared using colloidal synthesis and that these particles are chemically stable under inert atmosphere. Their brown color is identical to that of previously reported bulk samples and the present XANES study shows that they are free of oxidized sulfur species.
We investigated the surface reactivity of related Gd 2 O 2 S nanoparticles, whose metal cation cannot undergo redox reaction in air. We showed that the formation of oxidized sulfur in air is a swift process, contrary to previous reports on the stability of these nanoparticles in air.
The synthesis of bimetallic Gd 2(1-y) Ce 2y O 2 S nanoparticles was achieved using the same colloidal route. For all y, we find a linear variation of the lattice parameter a with y according to Vegard's law, thus indicating that confirming the substitution of Gd by Ce in the same site.
The exposure of the nanoparticles to air revealed three distinct regimes in terms of structure A complementary NAP-XPS study provided deeper insights as to the reactivity of the nanoparticles with air. We found that water vapor favored the formation of intermediate S IV species, proposed to be sulfite anions and that this process is favored by the addition of O 2 . In the case of Ce-containing nanoparticles, the process is accompanied by the partial oxidation of Ce III to Ce IV .
Altogether, the reactivity of cerium in lanthanide oxysulfide was found to be tempered by the presence of gadolinium in the same lattice. Optical and magnetic properties of this series of bimetallic nanoscaled oxysulfides will be described in forthcoming article. Generally, the substitution strategy seems to be a promising way to reach new families of nanoscaled metal oxysulfides with tailored physical and chemical properties. The surface reactivity of these objects should be taken into account for applications that require long-term air-stability (e.g. lightening), colloidal stability (e.g. inks), or controlled interaction with living organisms (e.g.
MRI contrast agents). It should be noted that a significant decrease of the reaction yield (measured after several washing of the nanoparticles in air) is observed along with the amount of cerium introduced in the nanoparticles: starting from 0.5 mmol of lanthanide precursor, a yield of around 100 % vs.
Experimental section

Synthesis of Gd 2(1-y) Ce 2y O 2 S nanoparticles
Gd (95 mg of powder) was obtained for y = 0 % (Gd 2 O 2 S) while a yield of 48 % (45 mg) was obtained for y = 70 % (Gd 0.6 Ce 1.4 O 2 S).
X-ray diffraction on powder
The different X-ray diffraction patterns of dry powders were measured on a Bruker D8 diffractometer using Cu Kα radiation at 1.5406 Å. Typical diffractograms were collected with steps of 0.05 ° and a scanning speed of 5 s/point. The backgrounds of the patterns are subtracted using the EVA software. When low noise Si monocristals sample holders were used, the angular position 2θ was corrected by adjusting the sample height (correction around 0.5 to 1 mm, see Figure S7 ).
Transmission Electron Microscopy and High Resolution TEM
A drop of a diluted solution of Gd 2(1-y) Ce 2y O 2 S dispersed in pure THF was allowed to dry on an amorphous carbon coated copper grid. TEM images were collected with a TWIN 120 (TECNAI SPIRIT) at 120 kV and with a JEOL 100CF. HRTEM was performed on a FEG-TEM JEOL 2100F at 200 kV. For Ce 2 O 2 S, a drop of a diluted dispersion of the crude nanoparticles in THF was deposited on a copper grid inside the glovebox. The grid was stored under argon swiftly inserted into the transmission electron microscope.
Energy Dispersive X-ray spectroscopy
A small amount of powder was deposited on a carbon adhesive tape on a Scanning Electron Microscope sample holder. EDX analyses were performed on a SEM HITACHI S-3400N at 10 kV. Titanium was chosen as reference and analyses were performed on at least three different zones on the sample. 
Near Ambient
X-ray Absorption Near-Edge Spectroscopy
Sulfur K-edge and cerium L-edge XANES data were collected on the LUCIA beamline at SOLEIL at an electron energy of 2.7 GeV and an average ring current of 450 mA. The incoming photons were selected with a Si (111) double crystal monochromator. 2 to 3 mg of the sample was diluted in ca 40 mg of graphite and was compressed to form a 6 mm diameter pellet. Up to seven pellets were fixed with carbon adhesive tape on a copper plate placed in a sample holder inside the measurement chamber. During typical analyses, the pressure in the chamber was maintained around 10 -2 mbar. Measurements were performed in fluorescence mode using a Bruker silicon drift detector, with an outgoing photon angle of 10 °. All data were normalized to the edge jump and calibrated to the maximum of the first peak of sodium thiosulfate (2470.8 eV).
Fourier Transform Infra-Red spectroscopy
Infrared spectra were collected on a Spectrum 400 (PERKINELMER) spectrometer. The dry sample (1 to 3 mg) was deposited on the attenuated total reflectance (ATR) crystal.
Transmittance was measured between 4000 cm -1 and 550 cm -1 with steps of 0.5 cm -1 .
